Confocal laser scanning, scanning electron, and transmission electron microscopy investigation of Enterococcus faecalis biofilm degradation using passive and active sodium hypochlorite irrigation within a simulated root canal model by Mohmmed, SA et al.
MicrobiologyOpen 2017;e00455.	 	 	 | 	1 of 9
https://doi.org/10.1002/mbo3.455
www.MicrobiologyOpen.com
Received:	1	November	2016  |  Revised:	23	December	2016  |  Accepted:	5	January	2017
DOI:	10.1002/mbo3.455
O R I G I N A L  R E S E A R C H
Confocal laser scanning, scanning electron, and transmission 
electron microscopy investigation of Enterococcus faecalis 
biofilm degradation using passive and active sodium 
hypochlorite irrigation within a simulated root canal model
Saifalarab A. Mohmmed1,2  | Morgana E. Vianna3 | Matthew R. Penny4 |  









































or	 automated	 (sonic,	 ultrasonic)	 methods.	 Total	 biofilm	 degradation	 and	 nonviable	
cells	were	associated	with	the	ultrasonic	group.









strate	 (Wilson,	 1996).	The	 root	 canal	 treatment	 of	 an	 infected	 root	
canal	system	includes	the	microbial	control	through	 instrumentation	
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canal	 system	may	 remain	 elusive	when	 using	 a	 needle	 and	 syringe	
alone	(Jiang,	Lak,	Eijsvogels,	Wesselink,	&	Van	Der	Sluis,	2012).	Irrigant	











2014),	 sections	 of	 root	 apex	 (Clegg,	 Vertucci,	 Walker,	 Belanger,	 &	
Britto,	2006),	dentine	disks	 (Stojicic,	 Shen,	&	Haapasalo,	2013),	 and	
glass	 (Williamson,	Cardon,	&	Drake,	2009).	However,	approaches	of	
this	kind	carry	with	them	the	well-	known	limitation	that	the	immersion	
of	samples	 in	 the	 irrigant	 is	different	 from	exposure	 to	 irrigant	flow	
within	 the	 confinement	 of	 a	 root	 canal	 system.	 Recently,	 there	 has	
been	 renewed	 interest	 in	using	Computational	Fluid	Dynamic	mod-
els	to	measure	the	physical	parameters	associated	with	irrigant	flow	









2  | MATERIALS AND METHODS
2.1 | Root canal model construction, biofilm 






Biofilms	 were	 grown	 from	 Enterococcus faecalis	 strain	 (ATCC	
19433),	which	was	plated	onto	a	BHI	 agar	 (Sigma-	Aldrich,	 St.	 Louis,	
Montana,	 USA)	 with	 5%	 defibrinated	 horse	 blood	 and	 incubated	
at	37°C	 in	 the	5%	CO2	 incubator	 for	24	hr.	 Inoculum	concentration	


























For	 group	 3	 (manual	 agitation	 group),	 irrigant	was	 delivered	 for	
60	s	 as	 in	 the	 group	2,	 then	 agitated	 for	 30	s	 using	 a	Gutta-	percha	






3	 but	 agitated	 using	 EndoActivator®	 device	 (Dentsply	 Tulsa	 Dental	
Specialties,	Tulsa,	OK,	USA).	 the	 agitation	was	 carried	 out	 using	 an	












Following	 irrigation	protocols,	 the	 residual	NaOCl	 on	 the	model	
surface	was	immediately	neutralized	by	immersing	the	models	in	2	ml	
of	5%	sodium	thiosulfate	solution	(Sigma-	Aldrich	Co	Ltd.,	Gillingham,	
UK)	 for	 5	min.	 This	 reduces	 the	 active	 ingredient	 of	 NaOCl	 (hypo-
chlorite),	 which	 becomes	 oxidized	 to	 sulfate	 (Hegde,	 Bashetty,	 &	
Krishnakumar,	2012).
The	models	in	each	group	were	then	randomly	divided	in	to	three	
subgroups	 for	 investigation	with	CLSM,	 SEM,	 and	TEM	microscopy	
techniques	(n	=	3	per	subgroup).
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2.2 | Preparation of the samples for confocal laser 
scanning microscopy
Three	models	from	each	group	were	examined	to	assess	the	viability	of	
bacterial	cells	 in	 the	 residual	 surface	biofilm	using	 the	Live/Dead® vi-
ability	 stain	 (LIVE/DEAD	BacLight;	 Invitrogen,	Paisley,	UK)	and	CLSM	
(BioRad	Radiance2100,	 Zeiss,	Welwyn	Garden	City,	Herts,	UK)	 along	
with	 its	 designated	 software	 for	 documentation	 of	 results.	 The	 stain	
was	prepared	by	mixing	3	μl	each	of	Syto	9	and	propidium	iodide	com-
















2.3 | Preparation of the samples for scanning 
electron microscopy
Three	models	 from	each	group	were	examined	 to	assess	 the	effect	




and	100%),	 placed	 in	 hexamethyldisilazane	 for	 5	min,	 and	 air-	dried.	
Samples	were	mounted	onto	aluminum	pin	stubs,	and	sputter	coated	


















the	 foil	 tin.	 The	 resin	 mixture	 was	 stored	 overnight	 in	 the	 freezer	
for	polymerization	and	 then	 removed	and	 left	 to	warm	up	 to	 room	
temperature.
Semithin	 sections	 of	 the	 canal	 (80–90)	 nm	 were	 cut	 with	 a	
Diatome	diamond	knife	on	an	ultramicrotome	and	collected	on	gold	
200	mesh	grids.	The	models	were	then	stained	on	the	grid	with	0.4%	
F IGURE  1  Image	illustrates	the	set-	up	of	the	equipment
























biofilm	 in	 the	 ultrasonic	 group	was	 significantly	 [12867.3	 μ2	 (±5)],	
more	 than	 that	 in	 the	manual	 group	 (p	=	.001),	whilst	 it	was	 inter-
estingly	not	 significantly	 [0.23	μ2	 (±5)]	more	 than	 that	 in	 the	sonic	


















At	 1	mm,	 the	 images	 demonstrated	 both	 viable	 and	 dead	 cells	
in	 the	passive	 irrigation	group	 (Figure	3bii)	 and	manual	 (Figure	3cii)	
groups	 with	 greater	 live	 cells	 than	 dead	 cells	 in	 the	 former	 group.	
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4ci),	sonic	(Figure	4di),	and	ultrasonic	(Figure	4ei)	groups,	respectively.	
At	1	mm,	SEM	images	illustrated	that	the	biofilm	appeared	intact	with	
the	 least	 bacterial	 cell	 degradation	 and	 deformation	 in	 the	 passive	
irrigation	group	 (Figure	4bii),	 followed	by	manual	 (Figure	4cii),	 sonic	







EPS.	At	 higher	magnification,	 the	 bacterial	 cells	 exhibited	 a	 distinct	
coccoid	appearance,	a	smooth	and	intact	outer	cell	wall,	a	cell	mem-
brane	 surrounding	 the	 cytoplasm,	 and	 electron-	dense	 irregularly	
shaped	areas	within	the	cell,
After	 2.5%	 NaOCl	 irrigation,	 TEM	 images	 exhibited	 no	 residual	
biofilm	was	detected	at	3	mm	level	of	all	groups	(Figure	5ai).	The	TEM	
images	of	the	residual	biofilm	at	2	mm	demonstrated	extensive	biofilm	








5dii)	 group.	Whilst,	 complete	 biofilm	disintegration	were	 associated	
with	the	ultrasonic	(Figure	5eii)	groups.
Generally,	 passive	 irrigation	with	NaOCl	 resulted	 in	more	 resid-
























































The	possible	 limitation	of	 the	 study	 is	 that	 the	 sample	 size	was	
relatively	small,	 although	statistically	 significant	differences	were	 in-








Within	 the	 limitations	 of	 this	 study,	 passive	 irrigation	 using	 2.5%	
NaOCl	 exhibited	 more	 residual	 biofilm	 on	 the	 model	 surface	 than	
2.5%	NaOCl	 irrigant	agitated	by	manual	or	 automated	 (sonic,	ultra-
sonic)	method.	Total	biofilm	degradation	and	nonviable	cells	were	as-
sociated	with	ultrasonic	group.
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